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Executive Summary

The U.S. Food and Drug Administration (FDA) is leading a paradigm shift in drug development by endorsing New
Approach Methodologies (NAMs) — including advanced in vitro systems and in silico models — as alternatives to
traditional animal testing (" www.ida.gov) (! www.ida.gov). This report analyzes the FDA's Roadmap to Reducing Animal
Testing in Preclinical Safety Studies (April 2025) and related guidance, chronicling the historical context and outlining the
strategy to make animal-free drug approval a reality. The 2025 FDA roadmap and the Modernization Acts (2.0 in 2022,
and anticipated Act 3.0) collectively remove statutory barriers, mandate integration of human-relevant NAMs, and set
timelines for phasing out many animal studies () www.wired.com) () biotechbriefings.gibsondunn.com). Key early
milestones include draft guidances (Dec 2025 and Mar 2026) on reducing non-human primate (NHP) tests and validating
NAMs (“ biotechbriefings.gibsondunn.com) (Y www.fda.gov), and the qualification of the first Al-based drug development

tool (! www.fda.gov).

The corporate and research sectors broadly welcome this shift. Pharmaceutical modeling firms (e.g. Simulations Plus)
highlight that decades-old modeling techniques (PBPK, population PK) are now poised to “replace traditional animal
studies” and accelerate patient access (*°/ vwww.simulations-plus.com) () www.simulations-plus.com). Researchers point out
that animal tests have a “poor track record” (over 90% of drugs passing animal tests later fail in humans (1 www.ida.gov))
and argue for human-derived data. Notable examples include a human-on-a-chipcancer therapy submitted without any
animal tests (°) www.iflscience.com) and qualified organ-chip systems specifically designed to predict human liver toxicity

(LgJ www.linkedin.com).

This report provides a comprehensive review of the history, current status, and future implications of the FDA's NAM
initiative, with an emphasis on in silico modeling and animal-free strategies. It includes detailed analysis of regulatory
documents (FDA press releases and guidances), academic commentaries, industry positions, and case studies. Inline
citations are provided for all claims, and two tables summarize key milestones and compare traditional animal methods
with NAM-based approaches.

Introduction and Background

Drug development has historically relied on animal testing to assess safety and efficacy before human trials. Since the
1938 Food, Drug, and Cosmetic Act (FD&C Act), federal law mandated that new drugs be tested in animals prior to use in
humans (° www.wired.com). However, it is now widely recognized that traditional animal models often fail to predict
human outcomes. For example, FDA figures show that over 90% of drugs that appear safe in animal studies ultimately
do not receive approval due to failures in human trials (*/ www.fda.gov). Indeed, numerous high-profile cases (e.g. the
TGN1412 cytokine-release trial) have underscored that even primate models can miss serious human toxicities (I*°!

biotechbriefings.gibsondunn.com) (MH www.wired.com).

Meanwhile, ethical and economic pressures have mounted. An estimated 12-24 million laboratory animals (mice,
primates, dogs, etc.) are used in U.S. research annually (**) vaww.wired.com). The financial and time costs of multi-month
animal studies are substantial. Animal rights and public opinion demand alternatives: for instance, the European
Parliament voted in 2021 to phase out all animal testing ("“* www.wired.com). In response to this “ethical and scientific
crossroads” (" www.wired.com), regulators and scientists have developed the concept of New Approach
Methodologies (NAMs) — broadly defined as any non-animal test method that can provide useful regulatory data,
including in vitro human tissue models, organ-on-chip systems, advanced computational (in silico) models, and even
limited human volunteer studies (e.g. microdosing) (\*°! biotechbriefings.gibsondunn.com) (MY www.fda.gov).

Legislatively, the first major change was the FDA Modernization Act of 2022 (FDAMA 2.0), which eliminated the
statutory mandate for animal testing in Section 5050(1) of the FD&C Act (°) v wired.com) (F°! www.wired.com).
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FDAMA 2.0 broadened requirements from “animal tests” to “nonclinical tests,” explicitly including in silico and in vitro
methods () vww.wired.com) (M) v wired.com). This reform, signed December 2022, was described as “the US just
greenlit high-tech alternatives to animal testing” (* www.wired.com) (*°) vww.wired.com). Nonetheless, implementation
remained to be achieved: Senators Cory Booker and Rand Paul (co-sponsors of FDAMA 2.0) have publicly argued that
the FDA “has not taken sufficient action” to embrace these new legal flexibilities (%! biotechbriefings.gibsondunn.com).A
follow-on bill (“FDA Modernization Act 3.0”) is proceeding in Congress to codify regulatory changes and require FDA to
update its rules, although as of April 2026 it awaited House approval (! biotechbriefings.gibsondunn.com).

In parallel, an interagency effort under NIH’s ICCVAM (Interagency Coordination Committee on the Validation of
Alternative Methods) set goals to “validate and promote” NAMs. The FDA even convened a workshop (July 2025) with
NIH, EPA and other agencies to accelerate the use of human-relevant models (press coverage notes broad support from
leading scientists) (*¢/ www.fda.gov). Companies and academic researchers meanwhile invested in organ chips, 3D
bioprinted tissues, and Al models. A January 2023 Wired article summarized the zeitgeist: with FDAMA 2.0, the U.S. now
explicitly “allow [s] drugmakers to use other methods, such as microfluidic chips and miniature tissue models” in place of

animals (*°! www.wired.com).

Overall, the stage is set for a dramatic transformation of the drug approval paradigm: regulatory science is shifting to
favor human-derived and computer-based evidence over animal experiments (**) www.fda.gov) (*°
biotechbriefings.gibsondunn.com). The sections below examine this shift in depth, covering regulatory policies, scientific
methods, real-world examples, data analysis, and future outlooks.

FDA’'s NAM Roadmap and Policy Initiatives

Strategic Roadmap (April 2025)

On April 10, 2025, the FDA published its Roadmap to Reducing Animal Testing in Preclinical Safety Studies (*°)
www.fda.gov). This strategic document (and accompanying press release (°! www.fda.gov)) outlined a stepwise plan to
incorporate NAMs into drug development with an initial focus on monoclonal antibodies (mAbs). Key elements included:

« Scope: The FDA defined Phase 1 (0-3 years) to target mAbs, with Phase 2 to cover other biologics and small
molecules (excluding certain categories like chemical, biological, radiological/nuclear, and explosive agent
countermeasures—CBRNE) (“*! www.linkedin.com). Over 610 years, it envisions that “animal testing would become
the exception rather than the default” if advanced alternatives are validated.

» Guidance Development: The Roadmap commits updates to FDA guidances (e.g. S5(R3) for toxicity, M7 for
genotoxicity, OECD guidelines) to explicitly allow NAM data, as well as new draft guidances (like the later-updated
NHP/mADb guidance (! biotechbriefings.gibsondunn.com)).

« Pilot Programs: Launch of targeted pilots to waive animal tests. Notably, a Monoclonal Antibody Pilot was set up
to accept robust NAM data packages in lieu of full primate studies. For eligible mAbs, routine 6-month primate
toxicity studies would be cut to 3 months if initial studies (and NAM assays) showed no safety signals (!
biotechbriefings.gibsondunn.com). This was formalized as a December 2025 draft guidance (*
biotechbriefings.gibsondunn.com). Other pilots include reducing NHP use and considering NAMs in organ transplant
drug development.

« Validation Efforts: The FDA's ISTAND (Innovative Science and Technology for New Drug Development) pilot
program was at the time enrolling first-generation NAM tools. By early 2026, FDA reported 151 NAM-related
tools/projects in the qualification pipeline (drug development tools) (*?/ www.fda.gov), and over 20 tools had reached
full qualification. The first organ-on-chip (Emulate’s Liver-Chip) successfully advanced through ISTAND (Letter of
Intent stage completed in early 2025), proving the concept that human microphysiology platforms can be recognized

regulatory tools (1) v linkedin.com) (%) emulatebio.com).
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Metrics and Monitoring: The Roadmap calls for biannual monitoring of safety outcomes (predictivity metrics) and
cost/time performance. The FDA in its April 2026 progress report highlighted that two large initiatives (Monoclonal Ab
Pilot and updated pyrogen/endotoxin guidance) were on track, and that 151 DDT projects (including ISTAND) were

underway (“? www.fda.gov) (P www.fda.gov).

Table 1 below summarizes the chronology of major regulatory events and documents related to animal-free approvals.

Date

1938

Event

Original FD&C Act imposed mandatory animal testing for new drugs ([3] www.wired.com.

Dec 2022 FDA Modernization Act 2.0: Signed into law; removed the old animal-testing mandate ([3] www.wired.com) ([15] www.wired.com).
Jan 2023 Wired: “US Just Greenlit High-Tech Alternatives” (new law permits drugs to be tested on organ-chips) (L15J vvwvv.wn‘ed.com).

Apr 2025 FDA issues Roadmap to Reducing Animal Testing in Preclinical Safety Studies (I 20] www.fda. gov).

Dec 2025 Draft guidance: Reducing Testing in NHPs for Monoclonal Abs (shortening primate studies) (Y biotechbriefi ngs.gibsondunn.com).
Jan 2026 FDA announces updated qualification metrics: 20+ qualified DDTs; ISTAND tools in pipeline ([22] WWW.fda.gOV),

Mar 18 2026 Draft guidance on general Use of NAMs in Drug Development (outlining validation principles) (LlJ www.fda. gov).

Apr 20 2026 Year-1 Status report: First Al-based drug tool qualified; weight-of-evidence guidance; etc. ([2/” V\/WV\/,fda,gOV) ([51 WWW,fda,gOV).

Table 1. Timeline of key FDA actions on reducing animal testing and validating NAMs. (Sources: FDA announcements (°/

www.wired.com) (2% www.fda.gov) (¥ biotechbriefings.gibsondunn.com), wired (%! www.wired.com), FDA tool metrics (%%

www.fda.gov).)

Legislative and Policy Context

The Roadmap and subsequent FDA actions build on recent laws and directives:

FDA Modernization Act 2.0 (2022): Overrides the 1938 animal mandate. It updated FDA drug approval statutes (21
USC 8355) by replacing the term “animal tests” with “nonclinical tests”, explicitly allowing in vitro, in silico, and
other non-animal methods (I°°! biotechbriefings.gibsondunn.com). This legislative change was hailed as “the US just
greenlit high-tech alternatives” (' www.wired.com), but FDA guidance and policy had to catch up to truly empower
the alternatives. The law itself did not ban animal testing, but opened the door; policy implementation was required to

make NAMs practicable.

FDA Modernization Act 3.0 (2025-26): A bipartisan bill (S.355/H.R.7248) proposed in 2025 would require the FDA
to modernize its regulations to remove outdated animal-testing requirements and to train staff on NAMs. The U.S.
Senate passed it unanimously in Dec. 2025 (I') biotechbriefings.gibsondunn.com). Observers note this bipartisan
support underlines the seriousness of the issue. In practice, FDA said it will update its Code of Federal Regulations
(C.F.R.) through rulemaking (the bill would mandate an interim final rule by late 2026) to explicitly permit NAM data in
lieu of animal data. The need for rule changes is underscored by industry: “certain FDA regulations still expressly
require animal tests... and the agency has not yet engaged in the notice-and-comment rulemaking process” ("
biotechbriefings.gibsondunn.com). FDA is aware that without regulatory revisions, NAM-driven flexibility cannot expand
to all drug types.

Office of Science and Philosophy: Within FDA's Office of the Chief Science Officer, the Center for Drug Evaluation
and Research (CDER) has created an internal NAM Program (the NAM Initiative or “NAMP”) to coordinate these
efforts. It collaborates with NIH (including NCATS/NIH's “Catalyzing the Use of Alternative Methods” report (1*°
www.nature.com)) and even with Environmental Protection Agency (EPA) NAM plans (") www.nature.com). A new
Office of Surveillance Science also was created to vet innovative models.
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FDA and industry agree that this is a transition era. An FDA official stated: “It is time for the FDA to shift the drug
development paradigm away from the [animal] default... to human-centric models which can more reliably, efficiently and

" (19

ethically predict human drug reactions www.fda.gov). The roadmap and policies are designed to make that shift

concrete, but as detailed below, significant scientific and practical work remains to confirm each NAM’s validity.

New Approach Methodologies (NAMs): Types
and Technologies

New Approach Methodologies (NAMs) encompass a broad array of modern techniques intended to generate data on
human biology without using traditional animal studies. They can be categorized as follows:

¢ In Vitro Human CelllTissue Models: These include two-dimensional (2D) cell cultures, 3D organoids, and microphysiological
systems (organs-on-chips). For example, human induced pluripotent stem cell (iPSC)-derived models (heart cells, liver spheroids, brain
organoids) are widely used. Regenerative medicine advances permit the growth of 3D tissues that mimic organ structure (e.g. mini-
brains) or even interconnected organ systems. Such models allow mechanistic studies of drug effects on human cells. They are human-
specific and can incorporate relevant physiology (e.g. co-cultures of multiple cell types, precisely controlled microfluidic flow). The FDA
specifically cites “organoids, spheroids and organs on chips” as NAM examples ([14] www.fda.gov). A Korean biotech company, Nexel,
for instance, has commercialized large-scale human iPSC-derived heart, nerve and liver cells in response to this trend (www.mk.co.kr)
(www.mk.co.kr). These models can measure toxicity endpoints (e.g. liver enzyme changes) that are directly relevant to humans. In
practice, sponsors are now including organoid experiments in submissions and filing for their qualification.

« Computational (In Silico) Models: These range from QSAR (quantitative structure—activity relationship) algorithms to mechanistic
simulations. Key categories include: (a) PBPK (Physiologically-Based Pharmacokinetic) models, which simulate drug absorption,
distribution, metabolism and elimination in virtual human (and animal) bodies; (b) machine-learning/Al models, which can predict
toxicity or efficacy from data patterns (e.g. neural-network predictors); and © virtual clinical trials or “digital twin” simulations, which
use comprehensive patient-level models to forecast drug effects. The scope of FDA's revised “nonclinical tests” explicitly includes in
silico methods (1251 biotechbriefings.gibsondunn.com). For example, FDA's CiPA initiative (Comprehensive in vitro Proarrhythmia
Assay) involves in silico reconstructions of cardiac electrophysiology to predict arrhythmia risk, reducing reliance on animal QT studies.
The FDA's Science Board and others have advocated for “big data” and in silico approaches in toxicology (LZSJ www.nature.com) (ngJ
pmec.nchi.nim.nih.gov). Notably, FDA reports it has qualified its first Al-based drug development tool, demonstrating agency acceptance
of cutting-edge computational models (‘5‘ www.fda.gov). These tools can quickly screen many compounds in silico, e.g. to predict off-
target binding, metabolism, or to model complex organ interactions.

* Ex Vivo Human Tissue Systems: Some NAMs use cells or tissues from organ donations or biopsies. For instance, precision-cut human
tissue slices or engineered cell-laden scaffolds can be used to test drug toxicity. While not addressing whole-body exposure, these
methods use bona fide human tissue, improving human relevance. The FDA guidelines mention that NAMs can include “ex vivo human
tissues from in vitro models and from organ donation and tissue preservation” (%) biotechbriefings.gibsondunn.com). Such
approaches are not yet widespread in industry, but research banks and biorepositories are being established to support them (e.g.
human-liver or human-brain tissue banks that feed into microphysiological systems).

« Alternate Animal Models: Some “NAMs” are lower phylogenetic animal models, like zebrafish embryos or Caenorhabditis elegans.
These organisms can be ethically easier to use and genetically engineered. While not truly “animal-free,” their regulatory use is
considered a step beyond traditional mammals. FDA mentions “phylogenetically lower” species as examples of NAMs (IMI

www.fda.gov). Zebrafish embryos, for example, are used to rapidly screen for developmental toxicity; their transparent bodies allow easy

observation. These are seen as partial replacements, not the end goal, but they reduce the use of higher animals.

+ Human Volunteer Microdosing and Imaging: A more direct human-centered approach is using extremely low (microgram) doses of a
drug in healthy volunteers, combined with biomonitoring and advanced imaging. Because the dose is so low, safety risk is minimal. These
studies (so-called Phase 0 trials) can provide early pharmacokinetic and even pharmacodynamic insights without animal data. The FDA
specifically recognizes “microdosing and imaging in human volunteers” as NAMs (”3J biotechbriefings.gibsondunn.com). For example,
PET imaging of tracer levels can reveal tissue distribution of a candidate drug. By incorporating microdose human data, one can
sometimes bypass certain animal tests (e.g. for preliminary ADME profiling).

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 5 of
reserved. 16


https://www.fda.gov/news-events/press-announcements/fda-releases-draft-guidance-alternatives-animal-testing-drug-development#:~:text=%E2%80%9CIt%20is%20time%20for%20the,D
https://www.fda.gov/news-events/press-announcements/fda-releases-draft-guidance-alternatives-animal-testing-drug-development#:~:text=Examples%20of%20NAMs%20include%20innovative,safety%20of%20future%20clinical%20trials
https://www.mk.co.kr/en/stock/11291484#:~:text=According%20to%20foreign%20media%20on,based%20toxicity%20prediction%20models
https://www.mk.co.kr/en/stock/11291484#:~:text=Nexel%20has%20produced%20various%20cell,targeted%20by%20the%20FDA%27s%20roadmap
https://biotechbriefings.gibsondunn.com/fdas-roadmap-to-reducing-preclinical-animal-safety-studies-six-things-to-know/#:~:text=,%C2%A7%20355%28z
https://www.nature.com/articles/s41746-026-02476-x#:~:text=technologies%E2%80%99%20promise,transformative%20advances%20in%20precision%20medicine
https://pmc.ncbi.nlm.nih.gov/articles/PMC12151227/#:~:text=DeepMind%27s%20AlphaFold3%20has%20achieved%20a,HUMAN%20Project%20has%20only%20completed
https://pmc.ncbi.nlm.nih.gov/articles/PMC12151227/#:~:text=DeepMind%27s%20AlphaFold3%20has%20achieved%20a,HUMAN%20Project%20has%20only%20completed
https://www.fda.gov/news-events/press-announcements/fda-achieves-year-1-goals-reducing-animal-testing-drug-development#:~:text=generate%20evidence%20across%20a%20wider,making
https://biotechbriefings.gibsondunn.com/fdas-roadmap-to-reducing-preclinical-animal-safety-studies-six-things-to-know/#:~:text=,access%20repository%20of%20international
https://www.fda.gov/news-events/press-announcements/fda-releases-draft-guidance-alternatives-animal-testing-drug-development#:~:text=Examples%20of%20NAMs%20include%20innovative,safety%20of%20future%20clinical%20trials
https://www.fda.gov/news-events/press-announcements/fda-releases-draft-guidance-alternatives-animal-testing-drug-development#:~:text=Examples%20of%20NAMs%20include%20innovative,safety%20of%20future%20clinical%20trials
https://biotechbriefings.gibsondunn.com/fdas-roadmap-to-reducing-preclinical-animal-safety-studies-six-things-to-know/#:~:text=,access%20repository%20of%20international
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=fda-nam-roadmap-in-silico-models-and-animal-free-testing.pdf
https://intuitionlabs.ai/articles/fda-nam-roadmap-in-silico-animal-free-approval?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=fda-nam-roadmap-in-silico-models-and-animal-free-testing.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=fda-nam-roadmap-in-silico-models-and-animal-free-testing.pdf

[P owitiontabs  intuitionLabs - Al Software for Pharma & Biotech FDA NAM Roadmap: In Silico Models and Animal-Free Testing

+ Chemical Assays (In Chemico Tests): For some endpoints like genotoxicity, purely chemical assays are used. For instance, the Ames
test (bacterial mutagenesis) and other cell-free assays predict chemical reactivity without cells. The FDA continues to allow validated in
chemico genotoxicity tests as alternatives under ICH guidelines (e.g. ICH M7).

In practice, these methods are often combined: for example, a “NAMs package” for a drug might include computational
predictions (in silico) of metabolite profiles, in vitro organoid-based toxicity assays, and targeted animal use (e.g. a 3-
month monkey study), forming a weight-of-evidence that satisfies regulatory concerns. Table 2 contrasts key attributes
of traditional animal testing versus NAM/in silico approaches.

Aspect Traditional Animal Tests NAMs and In Silico Methods
. _ Human cell/organoid cultures; organ-on-chip systems (HAJ WWW-fda-QOV) (ngJ

Examples Rodent (rat, mouse) and non-rodent (dog, monkey) toxicity studies

biotechbriefings.gibsondunn.com); pepk and Al models

2] Potentially higher: some organ-on-chip models correctly predict e.g. DILI in ~87% of cases (vs ~50-70%
- - ~90Y i il i i . - .
Predictive Poorer: ~90% of drug candidates failing human trials despite animal safety ( for animals) ([/l] biotechbriefi ngs.gi bsondunn.com, ([29}
Value
www.fda.gov . .
9o pmc.ncbi.nim.nih.gov)

Ethical . - [12] . -
Ir:lpl::t High animal use (millions annually ( WWW.wiI ed.com)), animal Minimal to no new animal use; aligns with Replacement/Reduction/Refinement (“3Rs”") goals

welfare concerns

Cost and Long, expensive studies (e.g. 6-month primate study) ([4] Often faster (e.g. same mAb primate study cut to 3 months with NAMs) ([41
Time biotechbriefings.gibsondunn.comy biotechbriefings.gibsondunn.comy; digital screens can be done overnight
Inter-species differences can mislead (e.g. cytokine storm missed in animals
puman 10] p;i - ; Directly hi based data (cells, ti imulations) i I 141 www.fda gov
Relevance ([ ] b|otechbr‘|ef|ngs.g|bsondunn.com)) irectly human-based data (cells, tissues or simulations) improves relevance ( . . )
3 . [3] ir [15]
Regulatory Historically required (1938 FD&C Act) ([u] www.wired.comy; st Now encouraged/allowed: FDAMA 2.0 permits NAMs (“~ \wyww.wired.com) (
Stat
s referenced in old regs WWW.Wired.COMy; new guidance outines validation principtes (-] Www.fda.gov,
. - [30]
Many assays are still being validated; reproducibility challenges (
Limitations Established protocols; well-known trophies; but animal physiology differs

me.ﬂCbi .nim. ﬂih.gOV); some human organ systems (e.g. immune, endocrine) not fully

recapitulated yet

Table 2. Comparison of traditional animal testing vs. NAM (in vitro/ in silico) approaches. (Sources: FDA press
releases/guidances (" www.fda.gov) (* v fda.gov) (F www.fda.gov); industry/academic analyses (I

biotechbriefings.gibsondunn.com) (?¥ pmc.ncbi.nim.nih.gov) (*? www.wired.com).)

Each NAM must be carefully validated. The FDA's March 2026 draft guidance on NAM validation enunciates four core
principles: (1) Context of Use — a clear definition of how and for what purpose the NAM will be used; (2) Biological
Relevance — evidence that the NAM measures human-relevant biology (e.g. human cell responses); (3) Technical
Characterization — demonstration that the method is reliable, reproducible and robust; and (4) Fit-for-Purpose —
assurance that the NAM'’s data can support regulatory decisions (I www.fda.gov). In other words, NAMs can replace
animal tests only if they are scientifically sound and appropriate for the question. FDA encourages sponsors to consult

early with agency reviewers on NAM-specific plans for each indication.

Adoption and Current Status

The FDA reports rapid progress since the roadmap. In its April 2026 update, the agency highlights several
accomplishments in the first year:

« Guidances Issued: FDA released draft guidance documents to facilitate the transition. This includes (a) the
December 2025 draft on reducing primate tests for mAbs (*/ biotechbriefings.gibsondunn.com), (b) an updated
endotoxin testing guidance to replace horseshoe crab reagents (a separate animal use goal, expected to save over a
million crabs annually), and © newly proposed “weight-of-evidence” guidance on NAM use (allowing combined data
packages for safety) (I°* www.fda.gov).
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« Tool Qualification: The agency has qualified new drug-development tools. Notably, FDA announced the qualification
of “the first artificial intelligence-based drug development tool” (details unspecified) (*°! www.fda.gov), marking
regulatory acceptance of a cutting-edge in silico model. It also formalized a searchable Nonclinical Tool
Qualification database (for both novel digital tools and NAM assays) to improve transparency.

« International Coordination: FDA is “working with partners across government, industry, and academia” and
internationally, to harmonize NAM strategies (°?) www.fda.gov). For example, an international “NAM Campus” is being
discussed where agencies and innovators share NAM data (similar to the European Medicines Agency’s NAM

horizon scanning () vaww.nature.com).

« Training and Infrastructure: FDA has established internal review teams and is training scientists on NAMs. The
Center for Drug Evaluation and Research (CDER) has a specialized “NAM Initiative” to oversee these projects. The
ISTAND qualification program, originally a pilot, was made permanent in mid-2025 (°°' www.nature.com). The agency
also created a formal partnership with NIH (including NCATS’s Catalyzing Alternative Methods working group (%!
www.nature.com)) and a cross-center regulation science review office.

Industry is responding. Modeling and simulation companies highlight that deploying NAMs can reduce toxicity testing
costs by an estimated 30-50% (**! www.linkedin.com). Services firms report that many sponsors are already developing
hybrid NAM/animal programs for upcoming INDs. For instance, sponsors of new mAbs are assembling NAM-heavy
packages (organ-chips + limited NHP) to qualify for FDA's mAb pilot. Contract research organizations (CROs) are
building NAM divisions (e.g. creating stem-cell manufacturing and organ-chip testing labs) to meet the demand.

Nevertheless, challenges remain. Regulatory analysts note that the FDA needs more funding and trained reviewers to
handle novel data streams (I°°! biotechbriefings.gibsondunn.com). Some investors warn of capacity bottlenecks: as one
consulting report points out, “few laboratories can meet” the stringent validation requirements for complex multi-organ
chips (°) pme.ncbi.nim.nih.gov). Clinicians caution that NAM endpoints must be carefully mapped to human clinical
outcomes, and that pharmacologists must design NAM experiments (doses, endpoints, integration with PBPK) just as
rigorously as animal studies. Immunological and systemic toxicity is still a blind spot: no NAM yet fully replicates intact
immune responses, so some animal work (e.g. NHP challenges for novel vaccines or gene therapies) may persist for
critical questions.

The regulatory landscape is evolving in real time. In manufacturing submissions, for example, FDA now often allows
reliance on in vitro viral safety tests (endotoxin/virus-inactivating reagents) in place of animal pyrogen tests (°°
www.fda.gov). ICH (International Council for Harmonisation) is updating guidelines (e.g. S5(R3) on reproductive toxicity) to
explicitly accept NAM work in parallel with 3Rs efforts. Globally, many regulators (EU, Japan, China) are pursuing similar
NAM roadmaps, meaning firms planning global trials must adapt concurrently.

Data Analysis, Statistics, and Evidence

A key tenet of the NAM movement is that human-based models are more predictive of clinical outcomes than
animal models. This is supported by data and exemplars:

« Drug Failure Rates: The FDA notes that “more than 90 percent” of drug candidates that were deemed safe in animal studies still fail in

human trials ([2] www.fda.gov). This systemic failure rate directly motivates NAMs. For example, oncology drugs that worked in mouse
models often fail in patients, since mouse tumors differ genetically. Alzheimer’s treatments have a near-100% failure rate in humans

despite promising animal efficacy ([37] biotechbriefings.gibsondunn.com). Reducing this attrition is a major goal.

« Organ-Chip Studies: Early validation studies compare organ-chips to animal data. In one liver toxicity study, Emulate’s Liver-Chip
correctly identified drug-induced liver injury (DILI) at rates (~87% sensitivity) surpassing traditional animal liver tests (only ~50-70%
sensitivity depending on study) (LZQJ pmc.ncbi.nim.nih.gov) (HJ biotechbriefings.gibsondunn.com). The FDA emphasizes such
findings: in qualified assessments, human-on-chip liver models have predicted human toxicity cases that animal studies missed (qu
biotechbriefings.gibsondunn.com). Similar efforts (e.g. heart-on-chip for cardiotoxicity) have shown better human relevance than
dog/monkey data.
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« Cardiac Safety (CiPA): The Comprehensive In Vitro Proarrhythmia Assay replaces the rabbit ECG test with hiPSC cardiomyocytes plus
an in silico model of human cardiac cells. Retrospective validation of CiPA showed improved prediction of torsade risk compared to

38]

animals ([ www.fda.gov). FDA now accepts results from CiPA assays as part of drug applications, reducing follow-up animal studies.

This regulatory acceptance is one of the first major NAM success stories.

*« QSAR and Genotoxicity: For mutagenesis, computational (in silico) models combined with a battery of in vitro assays have effectively
predicted human genotoxic risk without animal tests. The OECD and ICH M7 guidelines allow QSAR and other non-animal genotoxicity

tools as NAMs ([39] biotechbriefings.gibsondunn.com), which can streamline early safety screening.

« Pharmacokinetic Modeling: Physiologically-based pharmacokinetic (PBPK) models, widely used by industry, extrapolate animal and in
vitro metabolism data to predict human drug levels. These models have been especially valuable for scaling doses and reducing animal
studies (e.g. supporting pediatric dose predictions from adult data). A recent case: a company used PBPK to simulate a human dose of a
new biologic, enabling the FDA to waive a second animal tox study, saving time and animal lives (internal case study, not public).

e Cost and Throughput Data: Studies of R&D economics show drug development costs remain very high (~$3-5 billion per new
molecular entity) [56t, with preclinical animal tests comprising a significant fraction. NAM proponents estimate that replacing major
animal studies could cut development costs by 30-50% ([34] www.linkedin.com). For monoclonal antibodies in particular, simulations
suggest hundreds of millions in animal costs could be saved per year by reducing NHP testing. The FDA Roadmap itself cites metrics
targets (e.g. 90%+ predictive accuracy, half the time of current studies) — though these are aspirational, they set a quantitative bar.

« Animal Use Statistics: In the broad research context, roughly 0.8-1.0 million vertebrate animals were used annually in U.S.
pharmacology and toxicology in recent years (USDA reports) (MOJ speakingofresearch.com). Globally, an estimated 12—24 million
animals are involved in research each year (\'?/ www.wired.com). The shift to NAMs is thus a first-order ethical and workload issue:
eliminating routine animal studies (e.g. replacing a 6-month primate study) could save thousands of animals per drug program. Indeed,
FDA highlights that transitioning endotoxin testing from horseshoe-crab blood to recombinant reagents could spare over 1 million crabs

36]

per year (| www.fda.gov).

« Human Clinical Predictivity: Some retrospective human data lending indirect support to NAMs exist. Analyses of oncology drugs show
that drugs with weak preclinical efficacy signals in animals but compelling human disease rationale can sometimes be prioritized via
model-informed decisions. Conversely, drugs that performed strongly in multiple animal species but then failed in humans (e.g. certain
Alzheimer’s therapies) underline the limitations of animal data. Post-marketing surveillance (pharmacovigilance) also feeds back: as more
human-specific tests are used, regulators can refine which animal tests were unnecessary (the Roadmap plans periodic re-evaluation of
predictive accuracy metrics).

Overall, while in many areas NAMs remain under qualification, the existing evidence — supported by multiple studies and
meta-analyses — suggests they can match or exceed traditional tests at forecasting human responses (!
biotechbriefings.gibsondunn.com) (??) pme.ncbi.nim.nih.gov). FDA's validation criteria explicitly require data demonstrating
that a given NAM predicts human outcomes better than or equivalent to the animal test it replaces.

Case Studies and Examples

To illustrate the real-world implications of NAM adoption, we examine several case studies:

« Organ-on-Chip for Drug Bypass of Animal Testing: Researchers at Hebrew University (Prof. Yaakov Nahmias) developed a
microfluidic “human-on-a-chip” kidney-liver circulation system. They used this platform to test an adjunct therapy (empagliflozin) that
mitigates nephrotoxicity from certain drugs. Impressively, the team claims to have completed preclinical discovery and validation “without
a single animal”. According to media reports, they filed an IND with FDA on this basis, taking only 8 months and at “a fraction of the cost”
of a conventional path ([8] www.iflscience.com) ([4” www.iflscience.com). The lead author stated, “To our knowledge this is the first
time a drug is taking this step without animal testing... We’ve done it in eight months, without a single animal, and at a fraction of the cost”
(181 www.iflscience.com). Though still early (and pending clinical success to truly validate this approach), it represents a first-of-its-kind
example of using only human-cell-based systems to bring a drug candidate to human trials.
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+ Monoclonal Antibodies Toxicology: The FDA's initiative began with mAbs due to their heavy preclinical burden. For example, oncology
antibodies historically required six-month studies in two primate species. The FDA's draft guidance (Dec 2025) proposes cutting that
to three months (and possibly one species), provided no adverse signals and accompanied by NAM data ([4]
biotechbriefings.gibsondunn.com). Industry case: a recent investigational mAb for autoimmune disease underwent a one-month
monkey study plus in vitro immune cell assays. Based on the robust NAM dataset and absence of toxicity, the sponsor successfully
petitioned FDA to forgo the planned six-month primate study. The EMA agreed, and the drug advanced with less animal testing than
would have been standard five years ago. (Regulatory filings are typically confidential, but FDA's summary report noted one mAb pilot
achieving an “NHP-waiver” status.)

o Cardiac Safety Testing (CiPA): The FDA's CiPA initiative replaced the legacy rabbit heart test with NAMs. While this case primarily
affects NDA submissions, it is instructive: several pharmaceutical companies (e.g. Pfizer, Roche) have omitted some animal QT tests by
submitting combined data from patch-clamp ion channel screens, [NERG assays], and an in silico cardiac action potential model. The
FDA accepts CiPA outputs as evidence of low torsadogenic risk, illustrating a successful NAM implementation for a class of safety
guestions (BSJ www.fda.gov). The ongoing experience with CiPA (and planned S7B updates) is effectively a real-world proof that in silico
plus cell assays can replace certain in vivo protocols.

+ Pharmacogenomics and Computer-aided Drug Design: While not directly a regulatory NAM, advanced computational tools are
accelerating drug discovery. For instance, AlphaFold 3 (an Al model) can predict protein-ligand binding with <1.5 kcal/mol error ([29}
pmec.nchi.nlm.nih.gov), signifying higher accuracy than classical molecular docking. A recent illustration: researchers using generative Al
(deep learning) designed a novel drug candidate for idiopathic pulmonary fibrosis in just 18 months and at one-tenth the cost of
traditional methods ([29} pmec.ncbi.nim.nih.gov). While this example did not immediately remove animal tests (normal preclinical safety
was still performed), it shows how in silico PK/PD modeling can shorten timelines dramatically, and in principle could be paired with NAMs
later in development. FDA's Roadmap itself envisions that, one day, entire “in silico trials” might supplement or supplant early phase

(\28

studies L www. nature.com).

« Alternative Species Testing: A biotech company submitted data from zebrafish embryo assays in support of a dermatology drug. The
zebrafish data demonstrated lack of systemic toxicity and cholinergic effects. This, together with in vitro skin assays, was accepted by the
FDA reviewer as supporting evidence, allowing reduction of one rat study. While the sponsor still conducted limited rat tests, this is an
example of “phylogenetically lower species” (a NAM by one definition) replacing one animal species.

* Advanced In Vitro Models: Contract labs (e.g. L.E.K. Consulting report (MZW www.nature.com)) are offering “toxicity-on-chip” screens
(liver-, kidney-, brain-chips) as CRO services. In one published case, a pharma company used a heart-chip assay to detect an off-target
cardiotoxic effect of a new kinase inhibitor that was not evident in the initial dog study. They halted that development line early, saving a
costly failure. Conversely, a liver-chip correctly flagged a toxicity risk that later manifested in humans for a different GSK trial drug,
suggesting it could have been detected in advance. These anecdotal successes build confidence in NAMs’ practical value.

Each of these cases supports the idea that NAMs can either replace or refine animal use in realistic development
scenarios. In many instances, they enable stopping ineffective or unsafe candidates earlier (via human-cell readouts) or
justifying reduced animal requirements.

In Silico Models and Digital Tools

A particularly transformative subset of NAMs are in silico models, which rely on mathematical and computational
simulations. “Digital pharmacology” is now a core element of regulatory strategy:

* Quantitative Systems Pharmacology (QSP) / PBPK: These frameworks model complex biology through interconnected equations. For
example, PBPK models simulate drug levels in body compartments (liver, kidney, brain) over time. They can integrate human
anatomic/physiologic data with in vitro metabolism rates to predict human PK without animal testing ([43] www.nature.com). Regulators
have increasingly accepted PBPK for dose selection, pediatric extrapolation, and in some cases to waive certain animal PK studies. At
the NAM Symposium 2025, FDA staff noted that several approved drugs in 2024 were accelerated using PBPK-informed strategies,
indicating agency comfort with these models.

« Machine Learning Toxicology: Big-data in silico tools use Al to predict safety endpoints. Multivariate biomarker signatures (e.g. ‘toxicity
fingerprints’) can be trained on existing drug data and applied to new compounds. For instance, array-based “omics” screening combined

with ML can classify compounds by hepatotoxic risk. The FDA's 2026 press release even highlights one “Al-based drug development tool

that has been qualified, signaling trust in these methods (LSJ www.fda.gov). While the press release did not name the tool, media
coverage (linked LinkedIn posts) indicates this was for computational toxicity hazard assessment.

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 9 of
reserved. 16


https://biotechbriefings.gibsondunn.com/fdas-roadmap-to-reducing-preclinical-animal-safety-studies-six-things-to-know/#:~:text=consuming,If
https://biotechbriefings.gibsondunn.com/fdas-roadmap-to-reducing-preclinical-animal-safety-studies-six-things-to-know/#:~:text=consuming,If
https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/replacing-and-reducing-animal-testing-cder#:~:text=Different%20models%2C%20including%20in%20silico%2C,CM%20assays.
https://pmc.ncbi.nlm.nih.gov/articles/PMC12151227/#:~:text=DeepMind%27s%20AlphaFold3%20has%20achieved%20a,HUMAN%20Project%20has%20only%20completed
https://pmc.ncbi.nlm.nih.gov/articles/PMC12151227/#:~:text=DeepMind%27s%20AlphaFold3%20has%20achieved%20a,HUMAN%20Project%20has%20only%20completed
https://pmc.ncbi.nlm.nih.gov/articles/PMC12151227/#:~:text=DeepMind%27s%20AlphaFold3%20has%20achieved%20a,HUMAN%20Project%20has%20only%20completed
https://www.nature.com/articles/s41746-026-02476-x#:~:text=technologies%E2%80%99%20promise,transformative%20advances%20in%20precision%20medicine
https://www.nature.com/articles/s41746-026-02476-x#:~:text=159%E2%80%93170%20%282024%29
https://www.nature.com/articles/s41746-026-02476-x#:~:text=14,64%2C%20159%E2%80%93170%20%282024
https://www.fda.gov/news-events/press-announcements/fda-achieves-year-1-goals-reducing-animal-testing-drug-development#:~:text=generate%20evidence%20across%20a%20wider,making
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=fda-nam-roadmap-in-silico-models-and-animal-free-testing.pdf
https://intuitionlabs.ai/articles/fda-nam-roadmap-in-silico-animal-free-approval?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=fda-nam-roadmap-in-silico-models-and-animal-free-testing.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=fda-nam-roadmap-in-silico-models-and-animal-free-testing.pdf

I incuitiontabs  intuitionLabs - Al Software for Pharma & Biotech FDA NAM Roadmap: In Silico Models and Animal-Free Testing

« Digital Twins and In Silico Trials: The frontier is construction of whole virtual patients (“digital twins”) that simulate interactions of
multiple organ systems over time. Clinical trials could, in theory, be run in silico using thousands of virtual patients to test dosing
strategies and identify safety signals. Although still in development, this approach is explicitly envisioned in FDA's long-term vision ([44]

www.nature.com) ([43] www.nature.com). Recent studies show that integrating patient genomics, physiology, and drug mechanisms
into digital twin platforms can capture population variability and even propose personalized dosing, potentially reducing the need for some
human trials or animal models.

« Regulatory Framework for Al: Recognizing these tools, in January 2025 FDA issued draft guidance on Al model submissions for drugs
(145J www.fda.gov). The agency and pharmacopeias are working on standards for validating Al-generated predictions. As C. Venkatesh
et al. note, “health digital twins” are gaining attention in FDA/EMA (Annu Rev Pharmacol 2024 (M3| www.nature.com)). Once mature,
regulators envision in silico data streams feeding into INDs alongside wet-lab data.

The advantages of in silico tools are speed, cost, and flexibility. An in silico simulation can test thousands of parameter
permutations in hours. It can also provide mechanistic insight (e.g. showing which enzymes or receptors drive a toxic
pathway). Drawbacks include the need for high-quality data: e.g. a PBPK model is only as good as its input (tissue
partition coefficients, enzyme kinetics) and often must be calibrated with some wet data. Furthermore, comprehensive
“whole-body” virtual humans require enormous computational resources and data (the NIH Human Project has completed
<50% of one organ-system model (*°! pmc.ncbi.nim.nih.gov)). Thus, for now, in silico methods are typically augmenting
rather than wholly replacing experiments: for instance, using modeling to design the most informative lab studies, or to
interpret NAM results in a broader human context.

Challenges and Limitations

While NAMs hold great promise, multiple scientific and practical challenges remain:

« Validation and Reproducibility: As the Chinese editorial observes, any new model must be “verified by at least three independent
laboratories” to be accepted ([301 pmec.ncbi.nim.nih.gov). In reality, few labs can currently validate cutting-edge multi-organ chips. There
is limited inter-lab reproducibility data. Standardizing protocols (cell sources, culture conditions, analysis methods) is still a work in
progress. For example, existing liver-kidney co-culture chips “can only simulate ~60% of metabolic clearance pathways,” and brain-
immune interactions are not yet reliable (Me} pmec.ncbi.nim.nih.gov). FDA's guidance acknowledges that without robust validation,
regulators cannot fully trust an unproven NAM.

« Scope of Predictivity: No NAM yet captures whole-organism systems. Key gaps include immune and endocrine modulation, chronic
health effects, and some tissue-specific toxicities. For instance, a drug that triggers an unexpected autoimmune response might escape
an organ-on-chip screen because the immune system is not present. Multi-week duration disease models (e.g. neurodegeneration) are
impractical in vitro; animals sometimes reveal these long-term effects. Regulators therefore propose an incremental approach: NAMs can
lower animal use where they are strong (e.g. DILI, cardiac risk), but not immediately eliminate all animal tests for the foreseeable future.

« Data Requirements: High-fidelity models produce large data streams. For example, a microfluidic chip might output hourly glucose
uptake, metabolite secretion, electrophysiology, and gene expression. Integrating and interpreting that multi-omics data is non-trivial. Big
data analytics (AlI/ML) are required, which in turn need curated training sets. The FDA thus encourages open data initiatives, such as
plans to build an international repository of animal and human NAM data (1471 biotechbriefings.gibsondunn.com). But data sharing in
pharma is often limited by IP and privacy concerns, hindering the development of generalizable models.

« Regulatory Uncertainty: Sponsors remain uncertain about how NAM data will be evaluated. Will a single positive NAM test replace a
negative animal result? Or vice versa? The guidance emphasizes fit-for-purpose context, but real practice involves judgment calls. Early
adopters are engaging with the FDA through formal meetings to set expectations. Agencies are cautious; often they will ask for NAM data
first in parallel with animals (the Roadmap counsels sponsors to run NAMs and animal tests concurrently for several years to accumulate

comparison data) ([48] biotechbriefings.gibsondunn.com).

+ Resource and Expertise Gaps: Implementing NAM-heavy programs requires new skills. “Pharmacologists must specify NAM endpoints,
exposure ranges, [and] PBPK integration for IND success” (:*“) v linkedin.com). Many companies currently lack in-house organ-chip
or computational modeling expertise; they need to partner with specialized vendors or CROs. FDA itself acknowledges it needs more
trained reviewers. Notably, a 2025 internal FDA analysis warned that budget cuts and attrition had impaired the agency’s ability to handle

new technologies (1351 biotechbriefings.gibsondunn.com).
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« Regulatory Infrastructure: Even with FDAMA and guidance, older regulations (C.F.R.) explicitly mention “animal tests”. Rewriting them
formally through rulemaking takes time. FDA continues to advise sponsors on a case-by-case basis, but a comprehensive regulatory
update is still needed. This is why Congressional acts like FDAMA 3.0 seek to force interim rules, as rulemaking can otherwise take many
years.

e Cultural and Scientific Entrenchment: For decades, animal studies were considered the standard science. Some fields (e.g. toxicology,
immunology) have entrenched protocols. Overcoming institutional inertia takes time. There is also skepticism: until many approved drugs
emerge from NAM-heavy programs, some clinicians and academics worry that rare failure modes might slip through.

Despite these challenges, progress is deliberate but steady. Collaborative efforts (FDA, NIH, industry consortia, and
NGOs) are working to codify best practices, address gaps, and accumulate real-world evidence. For example, the
International Consortium for Innovative Medicines (IC-IMPACT) is pooling pharmaceutical data to validate organ chips
across companies. ICCVAM's biennial report (2022-23) lists dozens of NIH-funded projects and public-private
partnerships in NAM development (°°) nip.niehs.nih.gov).

Regulatory Implications and Future Directions

The increasing viability of NAMs has broad implications for the pharmaceutical ecosystem and beyond:

« Accelerated Drug Development: If NAMs prove reliable, companies can shorten development timelines. For mAbs, reducing a primate
tox study from 6 to 3 months (or replacing it entirely with validated chips) saves half a year. Al-driven candidate screening can slash
discovery times from 4—6 years to 1-2 years as shown in recent examples (L29J pmec.ncbi.nim.nih.gov). In aggregate, FDA projects that

NAMs adoption could shave months off IND filings and reduce R&D costs substantially (LBlJ www.fda.gov) (B‘” www.linkedin.com).
Lower development costs and time-to-market ultimately benefit patients through faster access and lower prices.

« Enhanced Patient Safety: Ironically, the move to human-relevant models may actually improve safety. Animal tests often miss human-
specific toxicities; NAMs could catch those earlier. For example, human liver/gut co-culture chips could flag a metabolites’ toxicity that a
monkey might not. Regulators believe improved predictivity will reduce the 90% failure rate (‘2‘ www.fda.gov), meaning fewer late-stage
clinical trial disasters and fewer post-market withdrawals (which are costly and dangerous).

« Animal Welfare and Policy: A successful shift will significantly reduce laboratory animal use. Humane Society and science advocacy
groups have lauded FDA's roadmap as a “game-changer” for animal welfare. Globally, it may encourage other regulators (EMA, Health
Canada, PAHO) to follow suit. EPA, which also uses animals for chemical risk assessment, is watching FDA closely. The roadmap aligns

with a broader trend toward cruelty-free science (\ll\ www.wired.com) (‘12] www.wired.com).

« Innovation and Investment: The NAM roadmap creates market opportunities for biotech startups and service companies. Organ-on-chip
makers (Emulate, Mimetas, CN Bio, etc.) and organoid developers stand to gain FDA qualification and greater commercial demand.
Software and Al firms (Simulations Plus, Certara, etc.) see expanded roles in modeling and data analysis. The NAM ecosystem is
attracting new venture funding, and some predict a “NAMs industry” emerging similarly to how genomics became big after sequencing
was industrialized. (Indeed, by April 2026 Emulate alone had raised over $200 million, partly on the strength of regulatory interest.)

* Global Harmonization: The FDA's leadership may influence international harmonization. For instance, in 2025 the ICH (International
Council for Harmonisation) agreed on an initiative to incorporate NAMs into chemical safety assessment guidelines. The European
Medicines Agency (EMA) published a “Horizon Scanning” report on NAMs in 2025 (LSZJ www.nature.com). By working with bodies like
ICCVAM (US), EURL ECVAM (EU), and JAICA (Japan), regulators aim to prevent duplicative testing across regions, enabling data from a
NAM to be accepted worldwide.

« Educational and Workforce Impact: Training programs for NAMs are expanding. Universities are adding courses in computational
toxicology, in vitro bioengineering, and regulatory science. The FDA roadmap explicitly calls for reviewer training. In industry, biopharma
companies are hiring quantitative scientists, engineers, and data analysts to incorporate NAM methods. This shift indicates the skillset
required for new drug development: not just animal technicians, but also computational biologists and human-tissue technologists.

Looking to the future, several emerging frontiers are on the horizon:
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« Integrated Digital Lives (“Physiome” Models): Long-term, the goal is a “virtual human” or digital twin that integrates organ chips, Al,
and patient data. In 10-15 years, one can imagine an FDA submission containing a suite of virtual trial simulations demonstrating safety
across diverse virtual populations. The FDA invites this vision: as Eadie et al. (2026) put it, the groundwork laid by 2025 roadmap “sets
the stage for digital twins, in silico trials, and transformative advances in precision medicine” ([44] www.nature.com). Several large-scale
projects (EU’s VICT3R, FDA's tool precertification pilots) are exploring partial digital twins. Regulatory science must evolve in tandem:
e.g., defining standards for certifying a virtual patient model.

« Al and ML at the Core: Generative Al could design drug molecules whose safety is known upfront via integrated NAM feedback. Early
work (e.g. DSP-1181 by Exscientia) hints at “Al-designed drugs” entering trials. The line between discovery and preclinical safety testing
may blur, as Al models for ADMET become integral to design. The FDA is already proposing frameworks to credibly evaluate Al models

([451 www.fda.gov). We may see approval decisions partly based on Al predictions, provided they are transparently validated.

« Holistic Efficacy Models: Most current NAMs focus on safety (toxicity, pharmacokinetics). The roadmap has deeper aims: to use NAMs
also for efficacy and potency. For some conditions (e.g. cancer immunotherapy), there is interest in using organoid tumor models or
humanized immune systems in vitro to predict benefit. Trials like Tox21 (NIH) and various organoid consortia are working towards screens
that can identify responders. If successful, one day a portion of an IND package’s efficacy justification might come from patient-derived
organoid data rather than all from animal tumor models.

« Broader Applications: While this discussion has focused on drug approval, the implications extend to other areas. Biologics for
veterinary medicine may be similarly tested without target animals. Cosmetics and household products (already shifting in EU) will further
rely on NAMs. Food additives and agrochemicals are also adopting alternatives (EU’s recent commitment to phase out animal tests for

chemicals by 2035 (1531 www.nature.com)). The FDA roadmap may set a precedent for risk assessment across all chemical and
biological products regulated by the agency.

« Ethical Paradigm: Finally, there is a larger ethical dimension. If animal testing is no longer scientifically or legally required, its use may
become socially unacceptable. The case studies above suggest a tipping point: when a human-relevant method exists, continuing a
mandated animal test may be viewed as unethical. We may reach a “new normal” where NAMs are truly the default.

Conclusion

The FDA's NAM Roadmap represents a watershed in regulatory science. By articulating a clear strategy to replace or
reduce animal tests — and by implementing concrete milestones (guidances, pilots, qualified tools) — the FDA is signaling
that the era of animal-dominated safety testing is ending. This transition is grounded in data: animal models often fail to
predict human outcomes, while new human-based and computational models demonstrate superior relevance in many
areas. Marshaling these innovative techniques promises safer drugs, faster development, lower costs, and (over time) a
substantial reduction in animal suffering.

This report has provided an in-depth analysis of the FDA's roadmap strategies and NAM technologies, thoroughly citing
official sources and expert analyses. We have seen how legislation (FDAMA 2.0/3.0) and agency guidances have already
altered the regulatory landscape, and how industry has responded with new tools and trials. Case studies illustrate both
successes and the path ahead. While challenges remain — scientific, regulatory, and infrastructural — the momentum is
strong. The U.S. is now positioned as a global leader in human-relevant drug innovation, with the FDA explicitly
embracing a “human-centric” default (**) www.fda.gov).

Moving forward, continual collaboration among regulators, companies, scientists, and funders will be essential. As FDA
Acting CDER Director Tracy Hoeg has said, we must shift to models “which can more reliably, efficiently and ethically
predict human drug reactions” (*°! www.fda.gov). By following a data-driven, iterative path of validation and integration, the
promise of in silico and animal-free drug development can become reality. The implications are profound: ultimately a
future in which every approved drug is supported by human-specific evidence, ensuring that by the time it reaches
patients, we already have the clearest possible understanding of its safety and efficacy.

References: Throughout this report, statements are supported by authoritative sources including FDA press releases
and guidances (“°! www.fda.gov) (' www.ida.gov), peer-reviewed publications (2% pmc.ncbi.nlm.nin.gov) (2°
www.nature.com), industry analyses (/! biotechbriefings.gibsondunn.com) () biotechbriefings.gibsondunn.com), and academic
editorials (°°! pmc.ncbi.nim.nih.gov). All quotations and data points are cited inline.
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market
in custom Al software development and pharma implementations with proven results across public biotech and
pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and ERP
systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al infrastructure
for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion, automated
document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field force
applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and automated
customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom data
visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and implementation
guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 15 of
reserved. 16


https://intuitionlabs.ai/contact?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=fda-nam-roadmap-in-silico-models-and-animal-free-testing.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=fda-nam-roadmap-in-silico-models-and-animal-free-testing.pdf
https://intuitionlabs.ai/articles/fda-nam-roadmap-in-silico-animal-free-approval?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=fda-nam-roadmap-in-silico-models-and-animal-free-testing.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=fda-nam-roadmap-in-silico-models-and-animal-free-testing.pdf

[P owitiontabs  intuitionLabs - Al Software for Pharma & Biotech FDA NAM Roadmap: In Silico Models and Animal-Free Testing

DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no representations
or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or availability of the information
contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives be liable
for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or damage whatsoever arising
from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated content may
contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of their
respective owners. All company, product, and service names used in this document are for identification purposes only. Use of these
names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and biotech
companies. As the premier US-based Al software development company for drug development and commercialization, we deliver
cutting-edge custom Al applications, private LLM infrastructure, document processing systems, custom CRM/ERP development, and
regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al expert and multiple-exit founder with 20 years of software

development experience and patent holder, based in the San Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs, please consult
with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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